Purpose: To evaluate the treatment outcomes of preoperative versus postoperative concurrent chemoradiotherapy (CRT) on locally advanced rectal cancer. Materials and Methods: Medical data of 114 patients with locally advanced rectal cancer treated with CRT preoperatively (54 patients) or postoperatively (60 patients) from June 2003 to April 2011 was analyzed retrospectively. 5-Fluorouracil (5-FU) or a precursor of 5-FU-based concurrent CRT (median, 50.4 Gy) and total mesorectal excision were conducted for all patients. The median follow-up duration was 43 months (range, 16 to 118 months). The primary end point was disease-free survival (DFS). The secondary end points were overall survival (OS), locoregional control, toxicity, and sphincter preservation rate. Results: The 5-year DFS rate was 72.1% and 48.6% for the preoperative and postoperative CRT group, respectively (p = 0.05, the univariate analysis; p = 0.10, the multivariate analysis). The 5-year OS rate was not significantly different between the groups (76.2% vs. 69.0%, p = 0.23). The 5-year locoregional control rate was 85.2% and 84.7% for the preoperative and postoperative CRT groups (p = 0.98). The sphincter preservation rate of low-lying tumor showed significant difference between both groups (58.1% vs. 25.0%, p = 0.02). Pathologic tumor and nodal down-classification occurred after the preoperative CRT (53.7% and 77.8%, both p < 0.001). Acute and chronic toxicities were not significantly different between both groups (p=0.10 and p = 0.62, respectively).
Introduction
Colorectal cancer is the third most common cancer whose incidence is increasing in Korea [1] . Adjuvant chemo radiotherapy (CRT) is performed as the standard treatment following radical surgery in locally advanced rectal cancer to improve local control and overall survival (OS) [2, 3] . There have been some attempts to search for more effective therapies [4] . In particular, it has been proposed that preoperative CRT is a better treatment than postoperative CRT to enhance the rate http://dx.doi.org/10.3857/roj.2013.31. 3.155 of overall compliance, local control, and sphincter preservation and to reduce the risk of toxicity [5] . Due to these outcomes, preoperative CRT followed by radical surgery is widely regarded as the preferred treatment of choice for locally advanced rectal cancer. When it comes to the assessment of rectal cancer, tumor responses, such as down-classification and pathologic complete response of primary tumors after preoperative CRT are known as prognostic factors [6] [7] [8] [9] . Several studies have identified clinicopathological factors related to survival and recurrence following preoperative CRT [10] [11] [12] . Some trials have tried to verify survival benefit of preoperative CRT compared to postoperative CRT, but did not demonstrate significant improvements in disease-free survival (DFS) or OS [4, 5, 13] .
The aim of the present study was to evaluate the treatment outcomes of preoperative versus postoperative concurrent CRT on locally advanced rectal cancer.
Materials and Methods

Patient characteristics
One hundred fourteen patients with locally advanced rectal cancer who received preoperative CRT (54 patients) or postoperative CRT (60 patients) were analyzed retrospectively. All patients were treated at Seoul St. Mary's Hospital, the Catholic University of Korea from June 2003 through April 2011. Eligi bility criteria included histologically confirmed rectal carcinoma, clinically or pathologically diagnosed stage II (T3 or T4 without any lymph node involvement) or stage III (any tumor stage with positive lymph node). Patients with a history of chemotherapy, radiotherapy, any other malignancies, or presence of distant metastasis at diagnosis were excluded.
The patient characteristics at baseline are shown in Table 1 . There was no significant difference between the preoperative and postoperative CRT group with the exception of the distance of tumor from the anal verge. The ratio of patients whose tumor located close to the anal verge was higher in the preoperative CRT group than in the postoperative CRT group (57.4% vs. 33.3%, p = 0.01). The median age was 59.5 years (range, 33 to 80 years). Clinical staging was classified by rectosigmoidoscopy, endosonography, computed tomography (CT) scan, and magnetic resonance imaging (MRI) of the abdomen and pelvis.
Treatment
5-Fluorouracil (5-FU) or a precursor of 5-FU-based chemotherapy was conducted concurrently with radiotherapy for all patients. Most patients were treated using pelvic radiotherapy with the three-or four-field box techniques. Preoperative radiotherapy was delivered with a median total dose of 50.4 Gy (range, 45 to 55.8 Gy) in a median of 28 fractions (range, 24 to 31 fractions). Meanwhile, postoperative radiotherapy was delivered with a median total dose of 50.4 Gy (range, 41.4 to 60.4 Gy) in a median of 28 fractions (range, 23 to 33 fractions). The median duration of radiotherapy was 37 days (range, 21 to 56 days). All patients underwent total mesorectal excision. Surgical resection was performed at median 8 weeks (range, 5 to 12 weeks) after completion of radiotherapy in the preoperative CRT group. All patients of the preoperative CRT group received three or four cycles of adjuvant chemotherapy with the same preoperative regimen after the surgical resection. Postoperative radiotherapy was delivered at median 9 weeks (range, 1 to 14 weeks) following the surgical resection. Most (81.7%) of the postoperative CRT group were administered one or two cycles of 5-FU or a precursor of 5-FU-based adjuvant chemotherapy before CRT. No patient had a relapse of rectal cancer at the start time of postoperative CRT. A precursor of 5-FU-based maintenance chemotherapy per oral was administered to 52.0% of the preoperative CRT group and 68.3% of the postoperative CRT group following completion of the adjuvant chemotherapy (p = 0.07).
Follow-up and statistical analysis
The follow-up duration was defined as the time from radiotherapy initiation in the preoperative CRT group or the day of surgery in the postoperative CRT group to last confirmation or death. The median follow-up duration was 44 months (range, 19 to 118 months) and 41 months (range, 16 to 100 months) for preoperative and postoperative CRT group, respectively (p = 0.31). Pathologic stage was classified using the TNM system. Follow-up evaluations included physical examination, complete blood count, biochemical profile, abdominopelvic CT (or MRI), proctoscopy, and chest radiography. Treatment-related toxicity was assessed by the criteria of the Radiation Therapy Oncology Group and the European Organization for Research and Treatment of Cancer. The criteria included the presence of proctitis, hematologic, dermatologic, and genitourinary effects for acute toxic effect and the presence of fistula, small bowel obstruction and pelvic abscess for chronic toxic effect. Grade 3 or higher toxic effects were considered meaningful. The primary end point was DFS. The secondary end points were OS, locoregional control, toxicity, and sphincter preservation rate. Each end point was measured from the time of treatment initiation. All survival rates were assessed and compared by using the KaplanMeier analysis and a log-rank test. Cox proportional hazards model was performed for multivariate analysis. For statistical analyses, SAS ver. 9.1 (SAS Institute, Cary, NC, USA) was used. A p-value ≤ 0.05 was considered statistically significant.
Results
DFS, OS and locoregional control rate
The 5-year DFS rates was 72.1% for the preoperative CRT group, and 48.6% for the postoperative CRT group (p = 0.05, the univariate analysis; p = 0.10, the multivariate analysis) (Fig. 1) . The 5-year OS rate was not significantly different in the group comparison (76.2% vs. 69.0%, p = 0.23) (Fig.  2) . The 5-year locoregional control rate was 85.2% for the preoperative CRT group and 84.7% for the postoperative CRT group (p = 0.98).
In the univariate analysis for 5-year DFS, preoperative CRT, pathologic node stage, low histologic grade tumor were statistically significant prognostic factors (Table 2 ). In the multivariate analysis, histologic grade was associated with DFS (Table 2 ).
Sphincter preservation
Among 51 patients with low-lying tumors (distance of tumor from the anal verge ≤ 5 cm) which were considered to require an abdominoperineal resection, the sphincter preserving surgery was conducted 58.1% (18 of 31) in the preoperative CRT group patients, whereas 25.0% (5 of 20) of the postoperative patients (p = 0.02). The sphincter preservation probability between both groups is shown in Table 3 . 
Pathologic characteristics
The ypT status of preoperative CRT group consisted of ypT0 (9 patients, 16.7%), ypTis (2 patients, 3.7%), ypT1 to ypT2 (9 patients, 16.7%), ypT3 (33 patients, 61.1%), and ypT4 (1 patients, 1.8%). The ypN status of preoperative CRT group was ypN0 (44 patients, 81.5%), ypN1 (5 patients, 9.25%), and ypN2 (5 patients, 9.25%). Pathologic tumor and nodal downclassification were found after the preoperative CRT (53.7% and 77.8%, both p < 0.001). In the present study, pathologic complete response (CR) was defined as complete eradicated state of all viable tumor cells (i.e., pT0N0). Nine patients (16.7%) of the preoperative CRT group achieved pathologic CR. Sixteen patients (26.7%) of the postoperative CRT group had the same tumor and nodal classifications before and after surgery. The pathologic characteristics are presented in Table 4 .
Toxicity
The grade 3 or higher acute and chronic toxicities are displayed in Table 5 . For both groups, most acute and chronic toxicities were mild to moderate. Grade 3 or higher acute toxicity was not significantly different between the two groups (p = 0.10). Three patients (5.56%) in the preoperative CRT group had acute grade 3 or higher toxicity. Of the three patients, one had leukocytopenia, one had proctitis, and one had dermatitis. Nine patients (15.0%) in the postoperative CRT group developed grade 3 or 4 acute toxicities; five patients had leukocytopenia, one patients had proctitis, one patient had nausea and vomiting, one patient had dermatitis, and one patient had genitourinary toxicity. All grade 3 or higher acute toxicities of both groups were reported during CRT. There was no significant variation of chronic toxicities between both groups (14.8% vs. 10.0%, p = 0.62).
Discussion and Conclusion
Many studies have reported the efficacy of preoperative CRT for the patients with locally advanced rectal cancer [4, 5, 10, [13] [14] [15] [16] [17] . Preoperative CRT results in higher rate of sphincter preservation than does postoperative CRT [5, 13] . The rate of sphincter-preserving surgery after preoperative CRT varies widely [5, 16] . Among the patients who were considered to require an abdominoperineal resection in preoperative CRT group of German rectal cancer trial, the rate of sphincter preservation was 39% [5] . However, we observed a sphincter preservation rate of 58.1% in the preoperative CRT group. The results of the present study correspond well with the findings of earlier experimental studies that documented high rate of tumor regression. Accordingly, tumor size decrease leads to sphincter preservation and tumor respectability [14, 15] . Tumor response after preoperative CRT is known as a prognostic factor in rectal cancer [6] [7] [8] [9] . The level of response (CR vs. partial response vs. no response) significantly influences local recurrence, DFS, freedom from distant metastases, and cancer specific survival [10, 17] . Park et al. [18] suggested that the patients who had good response (ypT0-2, N0) to preoperative CRT have a lower risk than poor responders in local and distant failure. Nine patients (16.7%) of the preoperative CRT group achieved pathologic CR, and 18.5% displayed lymph node involvement in the current study.
Preoperative CRT in the German trial could not bring significant advantages to DFS or OS: Five-year OS was 76% vs. 74% (p = 0.80) and 5-year DFS rate was 68% vs. 65% (p = 0.32) in the preoperative and postoperative CRT group, respectively [5] . In the National Surgical Adjuvant Breast and Bowel Project (NSABP) R-03 trial, 5-year OS was 74.5% vs. 65.6% (p = 0.065) and 5-year DFS was 64.7% vs. 53.4% (p = 0.011) in the preoperative and postoperative CRT group, respectively [4] . Roh et al. [4] attributed the prolonged DFS of NSABP R-03 to patient eligibility, timing of radiotherapy, radiation dose, type of surgery, and the length of follow-up. In the current study, the 5-year DFS rate was 72.1% and 48.6% for the preoperative and postoperative CRT group, respectively (p = 0.05, the univariate analysis; p = 0.04, the multivariate analysis), and the 5-year OS was not significantly different between both groups (76.2% vs. 69.0%, p = 0.23). The 5-year locoregional control rate was 85.2% for the preoperative CRT group and 84.7% for the postoperative CRT group (p = 0.98). It is likely that the results of survival and local control can be explained Values are presented as number (%). CRT, chemoradiotherapy. by the difference of cancer stage distribution and relatively small number of patients compared to previous studies. There may be a propensity for selection bias of including more patients with poor prognosis in the postoperative CRT group than the preoperative CRT group. The Action to Control Cardiovascular Risk in Diabetes (ACCORD) 12 trial attempted to improve the complete remission rate with the intensified chemotherapy regimens. The study achieved the complete remission rate up to 19.2% and the remission rate with few residual cells up to 40% after CRT [19] . Nonetheless, there was no significant improvement in survival [20] . The proportional difference of maintenance chemotherapy between both groups was not statistically significant (p = 0.07), so maintenance chemotherapy was not likely to affect the outcome. Median one cycle (56.7%; range, 0 to 2 cycles) of 5-FU or a precursor of 5-FU-based adjuvant chemotherapy was administered before postoperative CRT in our institution. In the early 2000s, first two cycles of chemotherapy were administered before postoperative CRT according to the North Central Cancer Treatment Group study [3, 21, 22] , but early postoperative CRT has gradually increased in our institution since Lee et al. [23] demonstrated that early postoperative CRT has a significant advantage for DFS compared with late postoperative CRT.
Although gastrointestinal toxicity was not appreciably different between both groups, preoperative CRT reduces radiation dose to the small bowel. Thus, it reduces risk of radiation enteritis [24] . We could not find any statistically significant differences between grade 3 or higher acute and chronic toxicities of both groups (p = 0.10 and p = 0.62, respectively). Possible reason for insignificantly different toxicities between both groups may be associated with small number of enrolled patients, high proportion (95%) of patients who received planned postoperative CRT and surgeon-related variation. All grade 3 or higher acute toxicities of both groups were reported during CRT in the current study, reflecting that concurrent CRT increases toxicity [25] .
Collectively, although there were no advantages of DFS, OS, locoregional control rate, acute and chronic toxicities in the preoperative CRT, preoperative CRT significantly improved the down-classification rate and the sphincter preservation of low-lying tumors in rectal cancer.
